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We investigate the in-medium modication of pseudoscalar and vector mesons in a QCD
motivated chiral quark model by solving the Dyson-Schwinger equations for quarks and
mesons at nite temperature for a wide mass range of meson masses, from light (pi,
ρ) to open-charm (D, D∗) states. At the chiral / deconnement phase transition, the
quark-antiquark bound states enter the continuum of unbound states and become broad
resonances (hadronic Mott eect). We calculate the in-medium cross sections for charmo-
nium dissociation due to collisions with light hadrons in a chiral Lagrangian approach, and
show that the D and D∗ meson spectral broadening lowers the threshold for charmonium
dissociation by pi and ρ mesons. This leads to a step-like enhancement in the reaction
rate. We suggest that this mechanism for enhanced charmonium dissociation may be the
physical mechanism underlying the anomalous J/ψ suppression observed by NA50.
PACS Numbers: 05.20.Dd; 12.38.Mh; 14.40.-n; 25.75.Ng
Introduction
Charmonia, in particular the J/ψ meson, play an important role in the experimental search
for the quark-gluon plasma (QGP) in relativistic heavy-ion collisions. The anomalous sup-
pression of J/ψ production found by the NA50 collaboration at CERN SPS in 158A GeV
Pb-Pb collisions [1] is reminiscent of the signal for QGP formation suggested by Matsui
and Satz [2], although one should also consider the competing, non-QGP mechanisms for
J/ψ suppression such as charmonium dissociation through collisions with projectile and
target nucleons [3] and by comoving hadrons formed in the collision [4]. A combination of
hadronic and quark/gluon processes appears to give a satisfactory parametrization of the
NA50 data [5, 6]. However, we should inquire as to whether we do now have a consistent
picture of anomalous J/ψ suppression. In this contribution we consider a unied theo-
retical approach based on the quark (gluon) substructure of hadrons, which predicts a
characteristic energy dependence of the J/ψ dissociation cross sections through collisions
with light hadrons, as well as the dissociative \Mott eect" at the chiral / deconnement
phase transition.
The Mott effect and spectral function for D-Mesons
Due to their strong couplings to two-body decay channels, light mesons such as the ρ and
the controversial light σ can be modeled as quark-antiquark bound states or alternatively
as meson-meson interactions in the corresponding channel. In the I=0 pipi \sigma" chan-
nel, the total spectral width Γσ(T ) associated with a σ-meson shows a minimum that
correlates with the chiral restoration phase transition in the phase diagram of strongly
interacting matter [7], since the hadronic decay width Γσ→2pi is already negligible but the
coupling Γσ→qq¯ is still small. The transition from a bound state with vanishing decay
width (innite lifetime) to a resonance in the continuum of unbound states is called the




Γh(T ) Mh(T )
[s−M2h(T )]2 + Γ2h(T ) M2h(T )
, (1)
where Mh(T ) and Γh(T ) are the temperature-dependent mass and width of the hadron
h. Critical phenomena related to the Mott transition for mesons at the chiral transition
have been discussed in the context of the NJL model for quark matter in Ref.[9]. In this
model it was found that the Mott transition temperature for D mesons is very close to
that of the pi and K mesons [10]. To estimate spectral function parameters (1) for the
light and open-charm mesons, we use a modied NJL model in which unphysical quark
production thresholds below the Mott temperature are excluded by an infrared cuto
[11]. In the following section we investigate the consequences of the meson Mott eect for
charmonium dissociation processes.
In-medium J/ψ dissociation cross section





ds2 AD1(s1;T ) AD2(s2;T ) σ
vac
ψh (s; s1, s2) . (2)
(For details of this approach see Ref.[12].) The cross sections for the processes J/ψ +
pi ! D∗ + D and J/ψ + ρ ! D∗ + D∗ are displayed in Fig. 1. The vacuum cross
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Fig. 1. In-medium cross sections σ∗h for J/ψ + pi ! D∗ + D (left) and J/ψ + ρ! D∗ + D∗
(right) as functions of s and T , using the spectral function of Ref.[11].
both cases the Mott eect (TMott  172 MeV) increases the spectral width in (1) of the
D and D∗ mesons, and hence eectively lowers the threshold for charmonium dissociation
reactions. At temperatures above TMott these reactions become exothermic, whereas they
were endothermic for T < TMott. In addition to the lowered reaction thresholds, in Fig.1
one can also see a decrease in the maximum values of these exclusive cross sections. This
behavior is slightly larger in J/ψ+pi than J/ψ+ρ at high temperatures. In general, J/ψ+ρ
is the dominant dissociation process. In Ref.[14] it was shown that this behavior of the in-
medium cross section leads to a strong enhancement in the thermal-averaged dissociation
cross section, i.e. in the inverse lifetime of the J/ψ; this eect is quite sensitive to the
detailed temperature dependence of the D and D∗ meson spectral functions.
The hadronic Mott eect scenario described here could be the dominant physical mech-
anism underlying the anomalous J/ψ suppression [1] and fast chemical equilibration [15]
reported by NA50 at CERN. The role of the Mott eect on charmonium recombination
(D D fusion) is an interesting topic for further investigation.
Conclusion
An understanding of the quark substructure of mesons is essential for determining meson-
meson vacuum cross sections as well as their modications in hadronic matter. We have
shown that the D-meson Mott eect at the QGP phase transition reduces the threshold
for charmonium dissociation, which leads to a large increase in the J/ψ dissociation rate.
A new nding reported here is that J/ψ dissociation is dominated by J/ψ + ρ collisions,
so that a direct connection to the in-medium ρ spectral function, as measured for example
by NA45 (CERES), should be investigated. In subsequent research we plan to model the
temperature-dependent meson spectral functions, using QCD Dyson-Schwinger equations
as an improvement over the NJL model. Comparison with recent lattice QCD results for
these spectral functions [16] is a promising approach for future studies of the hadronic
Mott eect at the quark-hadron phase transition.
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